Objective: To apply both conventional cephalometric analysis and morphometric analysis (thinplate spline analysis) to posteroanterior (PA) cephalograms to test the hypothesis that the dentoskeletal features of subjects with anterior open bite in the mixed dentition are no different from those of normal controls. Materials and Methods: A group of 22 white subjects (6 males, 16 females; mean age, 8.7 Ϯ 0.7 years) with anterior open bite (AOBG) was compared with a control group (CG) of 22 white subjects (11 males, 11 females; mean age, 9.2 Ϯ 0.8 years) with Class I occlusal relationships, and without anterior open bite and sucking habits. Subjects of both groups were in the mixed dentition and had no history of orthodontic treatment. Between-group statistical comparisons were performed with independent sample t-tests and permutation tests. Results: AOBG exhibited statistically significant shape differences with respect to CG that consisted of a transverse contraction of the zygomatic region, of the maxilla (at both skeletal and dentoalveolar levels), and of the mandible (in both condylar and gonial regions), with a downward dislocation of point menton. With conventional cephalometrics, AOBG showed a statistically significant transverse deficiency in the zygomatic region (Ϫ4.8 mm), in the maxilla at both skeletal and dentoalveolar levels (Ϫ2.0 mm and Ϫ3.0 mm, respectively), and in the mandible in both condylar and gonial regions (Ϫ3.6 mm and Ϫ4.0 mm, respectively).
INTRODUCTION
Anterior open bite is a complex clinical entity that entails a combination of different 3-dimensional dental and skeletal components. Traditionally, occlusal and craniofacial characteristics of growing subjects with anterior open bite have been studied in the sagittal and vertical planes [1] [2] [3] with conventional cephalometric analysis on lateral cephalograms. A consensus has been reached on selected dentoskeletal features associated with anterior open bite, such as increases in mandibular plane angle, gonial angle, y-axis, and lower anterior facial height, and a decrease in the interincisal angle. [4] [5] [6] [7] [8] [9] As for the relationship of the palatal plane to the cranial base, Subtelny and Sakuda 6 found that the palatal plane angle was normal in anterior open bite cases; other authors 4, 9 reported a decrease in the palatal plane angle. Posterior facial height is also controversial. A few studies 6, 9 reported no differences between anterior open bite and control subjects, while others 2 showed a significant decrease in posterior facial height in anterior open bite cases. Nahoum 4 and Cangialosi 2 found that the ratio of upper facial height to total facial height was smaller for subjects with anterior open bite, and that this ratio remained relatively constant with age.
To our knowledge, no data are available in the literature on the transverse dentoskeletal characteristics of subjects with anterior open bite in the mixed dentition. Toutountzakis and Haralabakis 10 analyzed the posteroanterior cephalograms of adult subjects with anterior open bite as related to normal subjects. They found that nasal height and lower facial height were significantly increased in both males and females of the anterior open bite group. No significant differences were found in zygomatic, maxillary, nasal, or mandibular width.
Conventional cephalometrics based on linear and angular measurements has shown, however, an increasing number of limitations, 11 along with the proposal and implementation of new biometric analyses of landmark data (eg, elliptic Fourier analysis, finite element analysis, tensor and shape coordinate analysis). [12] [13] [14] [15] [16] A recent morphometric approach to the comparison of configurations of landmarks in 2 or more specimens is known as thin-plate spline (TPS) analysis, as developed by Bookstein. 17 TPS analysis enables the construction of transformation grids that capture the differences in shape and are available for visual interpretation. For a more detailed review of theoretical base, calculation procedures, and assumptions and limitations of TPS morphometrics, see Bookstein, 17, 18 Rohlf and Marcus, 19 and Dryden and Mardia. 20 In recent times, TPS analysis has become increasingly important in orthodontics as a means of investigating modifications in shape related to facial growth and treatment. [21] [22] [23] [24] The aim of the present study was to evaluate the dentoskeletal features of subjects with anterior open bite in the mixed dentition using both conventional cephalometric analysis and morphometric analysis (TPS analysis) applied to posteroanterior (PA) films.
SUBJECTS AND METHODS
The anterior open bite group (AOBG) consisted of 22 white subjects (6 males, 16 females; mean age, 8.7 Ϯ 0.7 years; age range, 7.9-10.3 years) selected from the files of the Department of Orthodontics of the University of Rome ''Tor Vergata.'' Subjects were selected on the basis of the following inclusionary criteria: anterior open bite (presence of 1 mm or greater anterior open bite), intermediate (permanent incisors and first molars fully erupted, deciduous teeth in the buccal region-canine, first molar, and second molar) or late (canines or premolars erupting) mixed dentitions, 25 Class I occlusal relationships, and posteroanterior and lateral cephalograms of good quality. At clinical examination, all subjects in AOBG showed an atypical pattern of swallowing (tongue thrust). Posterior crossbite and a variable degree of crowding in the upper arch were present in 16 of 22 subjects (73%). Anamnestic records showed that subjects in AOBG had shown prolonged sucking habits (27%) or mouth breathing (36%). Sucking habits had ceased by the time of clinical evaluation.
The control group (CG) consisted of 22 white subjects (11 males, 11 females; mean age, 9.2 Ϯ 0.8 years; age range, 7.7-10.6 years) from the same University in the intermediate or late mixed dentitions with Class I occlusal relationships, and without anterior open bite, crossbite, and crowding. All 22 controls had no experience or presence of oral habits.
Subjects from both groups did not show missing teeth (due to aplasia, trauma, or deep caries), had no history of orthodontic treatment, and did not present with craniofacial syndromes. On the lateral cephalograms, sagittal (ANB angle) and vertical skeletal relationships (mandibular plane angle, FMA) were assessed in both AOBG and CG. 26 All posteroanterior cephalograms were taken with the Frankfort plane parallel to the floor, and with the head front and the nose tip in contact with the radiographic cassette. PA cephalograms were hand-traced with a 0.5 mm lead on 0.003 mm matte acetate tracing paper. All tracings were performed by a single investigator and subsequently were verified by another investigator. To analyze the combined error of landmark location and digitization, 25 randomly selected PA cephalograms were retraced and redigitized. The standard error deviation for each dimension was calculated from double determinations using Dahlberg's formula. 27 The mean value for the method error was 0.55 Ϯ 0.23 mm.
Traced PA cephalograms were analyzed with a digitizing tablet (Numonics, Lansdale, Pa) and Viewbox digitizing software (version 2.6; dHAL Software, Kifissia, Greece). All cephalograms were converted to a 10% enlargement to standardize the magnification data. Figure 1 illustrates the bilateral cephalometric landmarks and measurements used in this part of the study.
Conventional Cephalometric Analysis

Skeletal landmarks.
Euryon (Eu): the most lateral point of the cranial vault Medio-orbitale (Mo): the most medial point of the orbital orifice Latero-orbitale (Lo): the intersection of the lateral wall From the digitized PA cephalograms, 12 width measurements (10 skeletal and 2 dental) were derived for each patient by connecting bilateral cephalometric landmarks.
Thin-Plate Spline Analysis
In the present study, TPS software 28 was used to compute the orthogonal least-squares Procrustes average configuration of landmarks, both in the test and in the control group. When this method is used, each object's coordinates are translated, rotated, and scaled iteratively until the least-squared fit of all configurations cannot be further improved. 29 Therefore, all configurations are scaled to an equivalent size (centroid size ϭ 1) and are registered with respect to one another. Additional landmarks with respect to the conventional analysis included the following (Figure 2 Upper interincisal point (Ui): contact point between the upper incisors Lower interincisal point (Li): contact point between the lower incisors The morphometric analysis did not include point Euryon. Average craniofacial configurations were subjected to TPS analysis to compare differences in shape between AOBG and CG.
Statistical Analysis
As for conventional cephalometric analysis, statistical comparisons between AOBG and CG were performed by means of an independent sample t-test (SigmaStat 3.5, Systat Software Inc., Point Richmond, Calif, USA), after the presence of normal distribution (Kolmogorov-Smirnov test) and equality of variance (Levene median test) was checked for all variables. In TPS analysis, statistical evaluation of shape differences was performed by means of permutation tests, with 1000 random permutations on Wilks' lambda statistics.
28
RESULTS
The anteroposterior jaw relationship in AOBG was 36% Class I (1 degree Ͻ ANB Ͻ 5 degrees), 57% Class II (ANB Ͼ 5 degrees), and 7% Class III (ANB Ͻ 1 degree); in the control group, it was 50% Class I, 45% Class II, and 5% Class III. No statistically significant difference (z test on proportions) was found between the 2 groups in terms of prevalence rate of skeletal Classes I, II, and III (skeletal Class I: z ϭ 0.633, P ϭ .526; skeletal Class II: z ϭ 0.495, P ϭ .621; skeletal Class III: z ϭ Ϫ0.355, P ϭ .722).
The vertical jaw relationship in AOBG revealed 36% normodivergent subjects (22 degrees Ͻ FMA Ͻ 28 degrees), 57% hyperdivergent subjects (FMA Ͼ 28 degrees), and 7% hypodivergent subjects (FMA Ͻ 22 degrees); the control group included 67% normodivergent subjects, 23% hyperdivergent subjects, and 10% hypodivergent subjects. A significantly greater prevalence rate of hyperdivergent subjects was found in AOBG (z ϭ 1.994, P ϭ .046), although no significant difference was found between AOBG and CG in terms of the prevalence rate of normodivergent and hypodivergent subjects (normodivergent: z ϭ 1.756, P ϭ .079; hypodivergent: z ϭ Ϫ0.184, P ϭ .854).
The AOBG showed a statistically significant reduction in zygomatic width (Zyg-Zyg: Ϫ4.8 mm) and in condylar lateral width (Cdl-Cdl: Ϫ3.6 mm) when compared with CG (Table 1) . Maxillary width, at both skeletal and dentoalveolar levels, was significantly smaller in the AOBG when compared with the CG group (MxMx: Ϫ2.0 mm; Um-Um: Ϫ3.0 mm). The AOBG showed a statistically significant reduction in gonial width (Ϫ4.0 mm). No other statistically significant difference was detected between the 2 groups for any of the remaining cephalometric measures.
TPS analysis applied to PA cephalograms revealed statistically significant shape differences in the craniofacial configuration of subjects with anterior open bite malocclusion when compared with subjects with normal occlusion in the mixed dentition (P Ͻ .013) ( Figure  3 ). Shape differences were localized in the zygomatic, maxillary, and mandibular regions. The greatest deformation could be described as a contraction in the zygomatic region (ie, a bilateral compression in the horizontal plane at point Zyg). A contraction of the maxilla at both skeletal and dental levels (ie, a bilateral compression in the horizontal plane at point Mx and at point Um bilaterally) was also evident. A slight contraction of the base of the nose was present. In the mandible, a contraction in the condylar and gonial regions with bilateral compression in the horizontal plane at points Cdl and Go was associated with a downward dislocation of point Me. No significant difference in shape could be detected in the orbital region when AOBG was compared with CG.
DISCUSSION
The aim of the present study was to evaluate the dentoskeletal features of subjects with anterior open bite in the mixed dentition using both conventional cephalometric analysis and TPS morphometric analysis applied to PA films. Major advantages of TPS analysis applied to cephalometric landmark configurations with respect to both conventional cephalometrics and previous morphometric techniques (eg, shape coordinate analysis) include the following: (1) optimal superimposition of landmarks for analysis of shape changes independently of size changes in complex skeletal configurations without the use of any conventional reference line, and (2) visual interpretation of craniofacial shape differences independent of size variations with the use of transformation grids. 17 Results of the present study show that the opening hypothesis was rejected. In fact, the subjects in AOBG exhibited significant shape differences in craniofacial configuration in the frontal plane when compared with control subjects. Shape differences mainly consisted of a transverse contraction of the zygomatic region, of the maxilla (at both skeletal and dentoalveolar levels), and of the mandible (in both condylar and gonial regions) in AOBG with respect to CG. The mandible also showed a tendency toward vertical elongation in AOBG when compared with CG. This could be due to a significantly greater prevalence rate of hyperdivergent subjects in AOBG (57%) with respect to CG (23%).
Analysis of the results of conventional cephalometrics showed that AOBG presented transverse deficiency that involved the zygomatic region (Ϫ4.8 mm), the maxilla at both skeletal and dentoalveolar levels (Ϫ2.0 mm and Ϫ3.0 mm, respectively), and the mandible in both condylar and gonial regions (Ϫ3.6 mm and Ϫ4.0 mm, respectively).
It is interesting to note that no information is available in the literature about the transverse dentoskeletal characteristics of subjects with anterior open bite in the mixed dentition. The transverse dentoskeletal features of Class II and Class III malocclusions were analyzed by means of conventional cephalometrics and TPS analysis. Franchi and Baccetti 30 found that both Class II and Class III malocclusions were characterized by transverse deficiency of the maxilla at both skeletal and dentoalveolar levels (Ϫ2.5 mm and Ϫ1.8 mm in Class II malocclusion, and Ϫ3.8 mm and Ϫ3.4 in Class III malocclusion, respectively) when compared with Class I occlusion. The present study showed that transverse deficiency in the maxilla at both skeletal and dentoalveolar levels is a typical feature of anterior open bite malocclusion in the mixed dentition. In the AOB group, however, transverse deficiency was not limited to the maxillary region but also involved the zygomatic and mandibular regions.
Several treatment approaches can be found in the literature with regard to early treatment of anterior open bite. 31 These treatment modalities include functional appliances (FR4 with lip-seal training), repelling magnet splints, bite-blocks, and palatal crib associated with a high-pull chin cup. All these appliances are aimed at inhibiting mechanical factors that maintain anterior open bite (thumb sucking or tongue thrust) and/or at limiting excessive vertical growth of craniofacial skeletal components. It is interesting to note that none of these treatment protocols is aimed at correcting maxillary transverse dentoskeletal deficiency. The results of the current investigation show that transverse dentoskeletal features of subjects with anterior open bite in the mixed dentition may represent indications for treatment protocols aimed at increasing the transverse dentoskeletal dimension of the maxilla. The use of therapeutic devices such as rapid maxillary expanders or a quad-helix with a tongue crib appears to be indicated for the correction of transverse disharmony in patients with anterior open bite. Early treatment with quad-helix with crib assessed a good level of stability for the correction of dentoalveolar anterior open bite, in conjunction with permanent elimination of thumb-sucking habits. 32 In addition, significant continued improvement in vertical relationships was detected in the posttreatment period.
CONCLUSIONS
Subjects with anterior open bite malocclusion showed a transverse deficiency in the zygomatic region, in the maxilla (at both skeletal and dentoalveolar levels), and in the mandible (in both condylar and gonial regions) when compared with normal subjects.
